The chemical compositions of the interstitial pore-water samples measured on board the JOIDES Resolution are compared with shore-based analyses of the samples' strontium, oxygen, and carbon isotopic compositions. These analyses support conclusions of large-scale water movement through the sediment overlying the Queensland Plateau at Sites 811, 812, 813, and 814, possibly leading to massive platform dolomitization.
INTRODUCTION
During Leg 133 of the Ocean Drilling Program (ODP), sediments were cored in three different areas off the northeastern coast of Australia. All of these areas contained periplatform sediments (Schlager and James, 1978) . This type of sediment is generally found near shallow-water carbonate platforms and consists of mixtures of metastable minerals, high-Mg calcite (HMC), and aragonite, as well as low-Mg calcite (LMC). The first area includes those sites (811, 812, 813, 814, 816, 817, 818, 824, 825 , and 826) situated on submerged carbonate platforms or on the flanks of such platforms: the Queensland and the Marion plateaus (Fig. 1) . The mineralogy of the sediments at these sites is predominantly carbonate, containing only small concentrations of noncarbonate minerals such as quartz and clay minerals. The second group of sites (815 and 823) is situated in the deeper water troughs between the Queensland and the Marion plateaus and the Great Barrier Reef (Fig. 1 ). These sites penetrated thick sequences of mixed carbonates (predominantly LMC) and siliciclastics. The third group (Sites 821, 820,819, and 822) forms a proximal-to-distal transect from the Great Barrier Reef into the adjacent Queensland Trough (Fig. 1) . This third group is situated in shallower water than is the second group and contains substantial concentrations of periplatform sediments mixed with quartz, feldspar, and clay minerals.
The aim of this paper is to synthesize the shipboard chemical data with oxygen and carbon isotopic analyses of pore waters, and to integrate them with data presented by Swart (this volume) and Elderfield et al. (this volume) . 
Site 815
This site exhibited relatively heavy O isotopic compositions (0.5‰ to 1.2‰) throughout the cored interval ( Fig. 5 and Table 1 ).
Carbon Isotopic Data
Sites 811, 812, 813, and 814 With the exception of the upper portion of Sites 814 and 812, these sites all exhibit slightly negative (-1‰) carbon isotopic compositions throughout (Fig. 6) . Site 811 exhibits a slight enrichment down the core.
Sites 819, 820, 821, 822, and 823 All sites show a rapid depletion in<δ 13 C in the upper 10 to 50 mbsf, followed by an enrichment down the core. Site 819 exhibits the most severe depletion, attaining a δ 13 C value of -15‰ at a depth of 25.48 mbsf. These depletions are less pronounced at other sites nearer to the Great Barrier Reef. In the lower portion of the core the δ 13 C of the dissolved inorganic carbon (DIC) becomes isotopically heavier. The greatest enrichment occurs at Site 822, where values as heavy as +4%e 150 c are reached. The magnitude of the enrichment in the lower portion of the core also changes with respect to the reef margin, being the highest at the sites farthest away from the margin (Fig. 7) . In contrast to Site 822, Site 823 does not exhibit any enrichment in δ 13 C down the core (Fig. 4 and Table 1 ).
Site 815
Site 815 exhibits a decrease in δ 13 C throughout the upper 50 mbsf and maintains approximately the same isotopic composition to a depth of 350 mbsf. A slight enrichment is seen at the base of the core (Fig.5 ). The carbonate platform and flank sites can be separated into those situated on the Queensland Plateau and those located on the Marion Plateau. Sites 811, 812, 813, 814, 824, and 825 were cored on the flanks of the Queensland Plateau. Sites 816 and 826 were drilled on the Marion Plateau.
DISCUSSION

Strontium
Previous ODP sites in the Bahamas (Leg 101) and the Maldives (Leg 115) where periplatform sediments have been cored (Swart and Guzikowski, 1988; Swart and Burns, 1990) were characterized by relatively high concentrations of Sr 2 " 1 " in their interstitial pore fluids that resulted from the recrystallization of aragonite and HMC to LMC, and the consequent release of Sr 2+ (Fig. 8) . Therefore, perhaps the most surprising feature concerning the pore-water chemistry at Sites 811, 812, 813, and 814 is the absence of large increases in Sr 2+ in the pore fluids, despite the fact that aragonite disappears relatively quickly with increasing depth sub-bottom (Fig. 9) . We propose that fluid movement through the sediment prevents the establishment of normal diffusive Sr 2 * gradients at these sites, an interpretation that can be supported by the following evidence: (1) the absence of geochemical gradients in the pore fluid; (2) Sr ratios that are much more radiogenic than the ratio of contemporaneous sediments and probably reflect mixing between Sr released by recrystallization of carbonate sediments and Sr 2+ contributed from modern seawater circulating through the platform (Elderfield, this volume) (Fig. 10) (Gieskes et al, 1986) (Fig. 11 A) .
Oxygen and Carbon Isotopes
Although not conclusive, the oxygen and carbon isotopic profiles of these sites support the hypothesis of fluid movement in that there is little evidence for significant carbonate recrystallization. For example, if the pore fluids were being strongly influenced by carbonate recrystallization, they would rapidly become isotopically depleted in oxygen. This is not the case. Instead, the oxygen isotopic compositions of the pore fluids are relatively heavy throughout (Fig. 2) . Carbon isotopic compositions are lighter than surface seawater but presumably similar to bottom water for the area (Fig. 6 ). If these fluids were being affected by carbonate recrystallization, they probably would show heavier carbon isotopic compositions. In fact, both Sites 812 and 814 exhibit some isotopically heavy values in the upper portion of the core, the same interval that exhibits Sr 2+ enrichment. Site 811 displays a progressive enrichment down the core. These values suggest the presence of carbonate reactions in these regions, and, possibly, the presence of different aquifers. Different aquifers in the carbonate platform also are suggested by these oxygen isotopic data.
Calcium and Magnesium
Of further interest is the nature of the Ca 2+ , Mg 2+ , and Cl" gradients. Sites 813 and 814 are characterized by steep Ca 2+ gradients near the sediment/water interface, but relatively constant concentrations as depth increases sub-bottom. In contrast, Site 812 exhibits a constant concentration of Ca 2+ as depth increases and a relatively sudden increase in Ca 2+ concentration from 80 to 120 mbsf (Fig. 9) . Normally, the geochemical gradients observed at Sites 813 and 814 are indicative either of fluid movement out of these sediments or of horizontal flow parallel to the seafloor. In contrast, the gradients at Site 812 are associated with the movement of normal seawater into the formation, either vertically from the overlying seawater or in a horizontal direction. Hence, these gradients support the interpretation of fluid flow through the Queensland Plateau sites. At Sites 816,817, and 818, Ca 2+ gradients do not support fluid movement and, therefore, concur with the Sr 2+ data.
Geothermal Gradients
The interpretation of fluid flow at the Queensland Plateau sites is supported by geothermal measurements performed during the logging of Sites 812 and 814. Site 812 shows a relatively constant temperature of approximately 11 °C to a depth of 200 mbsf and then a sudden rise to a temperature of approximately 17°C. At Site 814 there is a sharp temperature gradient close to the seawater/sediment interface. One problem with these data is that they were taken by logging immediately after drilling, and there is a considerable probability that the geothermal gradients are not representative of those normally present. Problems with these data can be seen when comparing Sites 817 and 812, which exhibit similar geothermal gradients in the open logged hole, yet have clearly different interstitial porewater profiles. Both of these sites probably penetrated under pressured zones, causing water to flow into the hole after logging. In the case of Site 812, this zone is probably close to the surface, thereby influencing water flow through the overlying veneer of uncemented sediments. At Site 817, however, this zone was considerably deeper; 
Error lσ therefore, no significant vertical flow down through the sediments appears to be taking place. The actual geothermal gradient at Site 817 was measured in the sediments using the WSTP tool and found to be 57°C/km. In contrast, at Site 825/811, the gradient was slightly higher at 80°C/km. In conclusion, although the temperatures obtained during logging do suggest the presence of over-and underpressured zones in the sediments, these data do not reflect the geothermal gradients actually present in the sediments and, therefore, cannot be taken to be indicative of water flow. The slight differences between Sites 825 and 817 indicate the presence of different geothermal gradients, which may be sufficient to induce circulation. To further confirm the presence of geothermally driven water flow, an extensive heat flow survey should be conducted over the Queensland Plateau.
Deep Trough Sites: 815 and 823
The overall geochemistry of Sites 815 and 823 is dominated by: (1) intense sulfate reduction and carbonate recrystallization in the upper portion of the sediment column; and (2) Site 823 also contains a much lower carbonate content and, consequently, a higher concentration of clay minerals. Site 823 also exhibits an increase in the salinity of the pore fluids in the lower portions of the hole, but at a reduced rate compared with that at Site 815. The change in δ 18 θ from -0.5 to +0.5 is much greater at Site 823 than at Site 815, which possesses heavy oxygen isotopic values throughout.
It has been suggested that the general increase in chlorinity at Sites 815 and 823 resulted from the diffusion of salts from an underlying evaporite unit (Davies, McKenzie, Palmer-Julson, et al., 1991) . Increases in Cl" also were observed at Sites 817, 818, and 822 (Fig. 12) . Such a common trend suggests that perhaps the evaporitic unit postulated to underlie Sites 815 and 823 may be an extensive feature of the Queensland Trough. Such a deposit has not as yet been identified in the Townsville Trough, but is known in sediments of Oligocene age in the Capricorn Basin approximately 100 km to the south (Ericson, 1976 ). Diffusion from an underlying saline source is neither supported nor refuted by stable O and C isotopic data. At Site 815, the δ 18 θ is isotopically enriched throughout the entire core and shows no significant changes in the lower portion of the core corresponding to the salinity increase. The 6 13 C exhibits a slight increase in the lower samples. At Site 823, the δ 18 θ shows an increase in the lower portion, although this cannot be definitively ascribed to the chlorinity changes and may be a result of recrystallization at higher temperatures.
Site 823 exhibits perhaps the highest concentration of Sr 2+ yet measured in pore waters from either the ODP or DSDP drilling. Concentrations as high as 2774 µM are reached at 934.6 mbsf. These fluids are still below celestite saturation, as the sulfate has been completely depleted. These high values are reached as a result of the relatively low permeability of the sediments, combined with the absence of sulfate and the continued recrystallization of the carbonate sediments.
Great Barrier Reef Margin Sites
Sites 822, 819,820, and 821 form a distal-to-proximal transect off the eastern margin of the Queensland continental margin. The sediments are composed primarily of mixtures of periplatform carbonates derived from the Great Barrier Reef and quartz, feldspars, and clay minerals eroded from the Australian mainland. The concentration of clay minerals increases with increasing distance from the continental shelf, making up more than 50% of the sediments at Sites 819 and 820. Quartz usually composes between 10% and 20% of the sediments at each site, although the proximal sites have a slight tendency to contain higher concentrations. The clay minerals mainly consist of kaolinite and illite, and the feldspars are principally albite.
Calcium, Magnesium, Potassium, Strontium, and Oxygen Isotopes
Decreases in the concentrations of K + and Mg 2+ and increases in Na + concentration were attributed to the diagenesis of igneous minerals (Davies, McKenzie, Palmer-Julson, et al., 1991) . In addition, data presented in this study show a depletion in δ 18 θ in the pore fluids. In previous work, depletions in the concentrations of K + , Mg 2+ , and δ 18 θ, as well as increases in Ca 2+ , have been attributed to alteration of Layer 2 basalts or volcanic material within the sediments to clay minerals or zeolites at elevated temperatures (Lawrence et al., 1976; Perry et al., 1976) . As the Leg 133 sites are not located immediately over basement, reactions responsible for the depletion in Mg 2+ , K + , and δ 18 θ and the decrease in Ca 2+ must be taking place within the sediments (Fig. 13) . Because the maximum temperature of the sediments cored is probably less than 50°C, it is unlikely that the alteration of clay minerals, as originally suggested (Davies, McKenzie, PalmerJulson, et al., 1991) , can be invoked to account for the geochemical changes observed in the pore waters. One possible explanation for the decrease in K + and increase in Na + involves absorption and desorption from illite (Hoffman, 1979) . Although changes in the δ 18 θ of the pore waters then could be explained by the alteration of volcanic glass, the observed decrease also could be a result of recrystallization of the relatively isotopically light precursor carbonate in colder waters. For example, Figure 14 shows the evolution of pore water in a closed system as it is subject to carbonate recrystallization. The equations used to construct these plots have been taken from Killingley (1983) . In each of the three cases, the isotopic composition of the initial water has been set at +0.5‰ standard mean ocean water (SMOW), the bottom temperature at 10°C, and the geothermal gradient at 57°C/km (data taken from Davies, McKenzie, Palmer-Julson, et al, 1991) . It is assumed that 100% recrystallization occurs by 400 mbsf and that once carbonate has been recrystallized it no longer reacts with the pore fluid. The difference among the three lines in Figure 14 represents differing isotopic compositions of the precursor. As may be observed, each case shows a depletion with depth. These calculations are in some ways similar to the measured data shown in Figure 3 . Obviously, some discrepancies exist, such as the elevated isotopic composition at Site 821. This may be a result of fossil water trapped in the sediment. In addition, Site 821 exhibits the steepest Sr gradients should show lower rates of recrystallization. Explanation for these differences may lie in the different isotopic composition of the precursor, differences in the isotopic composition of the water, differences in the rate of recrystallization, and even some degree of alteration of volcanic glasses. All the continental margin sites have heavy δ 18 θ values in the upper 50 to 100 mbsf. We think that these heavy values are related to the original isotopic composition of the pore fluids formed on the adjacent continental shelf area.
Oxidation of Organic Material
The rapid rate of sedimentation at Sites 819 to 822 (100 to 200 m/m.y.) has resulted in the burial of organic material that has been subsequently oxidized by sulfate-reducing bacteria to produce H 2 S and CO 2 . In turn, these gases have been instrumental in the precipitation of pyrite, dolomite, and calcium carbonate. As the types and amount of minerals and organic material vary with distance from the shelf, the nature and magnitude of the diagenetic reactions occurring in the sediments also change, producing distinctive differences in the profiles of the interstitial minor elements at the four sites. The most dramatic change visible at all sites is the removal of sulfate during the processes of organic material oxidation (Fig. 7) . Although complete sulfate reduction occurs at all sites, it takes place as shallow as 25 mbsf at Sites 822 and 819, while at Site 821, sulfate is not completely exhausted until 144.5 mbsf. Small amounts of sulfate detected in the pore fluids below the sulfate depletion zone are thought to be a result of contamination. As all sites have experienced approximately similar rates of sedimentation and do not exhibit significant differences in their physical properties (permeability, density etc.), the most plausible explanation for the different depths of sulfate reduction lies in the different amounts and types of organic material present at each site. Sites 819 and 822 must have initially contained higher concentrations of organic matter or material that was more easily degraded than that at Sites 821 and 820. This initial difference is reflected in the present content of organic material at these sites; the organic material increases with increasing distance from the continental shelf. A further possibility is that, because the organic material at Sites 819 and 822 is predominantly of a marine rather than a terrestrial origin, it is more easily degraded by sulfatereducing bacteria. Such a difference would promote higher rates of sulfate reduction at the distal sites. The difference in the rate of sulfate reduction is partially reflected in the variations in alkalinity, with the highest values occurring at Sites 819 and 822. The increase in alkalinity at these sites, however, is significantly less than that which might be expected as a result of sulfate reduction alone. This alkalinity deficit can be explained by: (1) the precipitation of dolomite and calcite; (2) loss of H 2 S during the precipitation of pyrite.
Beneath the zone of sulfate reduction, large increases occur in the concentrations of methane. It has been suggested that these changes in the concentration might influence the δ 13 C of the DIC and the consequent isotopic composition of diagenetic calcite and dolomite. However, although there were small depletions in the δ 13 C of the DIC, there were no large changes as might have been expected based on the theories of Irwin et al. (1977) (Fig. 7) . In fact, the most negative values in the sulfate reduction zone occurred at Site 819, and the smallest depletions at Site 821. It has been suggested that the absence of negative isotopic compositions resulted from the system being heavily buffered by carbonate minerals (Swart, this volume) .
The magnitude of the increase in the concentration of Sr 2+ in the interstitial fluids is often considered to be an indicator of the degree of carbonate recrystallization. If this is the case, then the amount of carbonate crystallization increases from the distal toward the proximal sites (Fig. 9) . This observation supports the interpretation of the carbon isotopic data, which shows the smallest depletion in δ 13 C at the proximal sites in the sulfate reduction zone and the smallest enrichment in the methanogenesis zone. Hence, the greater depletion in δ 13 C seen at the distal sites and the higher isotopic compositions attained in the lower portions suggest that carbonate recrystallization is less important at these sites.
Accompanying these changes in pore-water chemistry is an increase in the concentration of dolomite from the distal to proximal sites (Davies, McKenzie, Palmer-Julson, et al., 1991) . Therefore, the sites having the greatest degree of sulfate reduction and the highest alkalinity have the lowest concentrations of dolomite. Such a distribution is contrary to current hypotheses (Baker and Kastner, 1981) that dolomitization may be favored by high concentrations of alkalinity and low amounts of sulfate (Swart, this volume) .
CONCLUSIONS
Pore fluids from Leg 133 can be separated into three groups on the basis of the processes that are postulated to control their composition.
1. Pore fluids from the Queensland Plateau sites are characterized by an absence of geochemical gradients, by modern strontium isotopic ratios, and, in some instances, by unusual geothermal gradients. These suggest the presence of significant fluid flow through the Queensland Plateau. The absence of a depletion in the δ 18 θ value of the pore waters and the slightly negative δ 13 C values support the interpretation of fluid movement. The deeper flank sites (Sites 817 and 818) do not show evidence of fluid movement through the upper periplatform portion of the section. However, at Site 817, an underpressured zone was drilled that caused water to be drawn into the hole during drilling, suggesting the penetration of a fluid conduit.
2. The deeper trough sites (Sites 815 and 823) have exhibited diffusive control of pore-water constituents, combined with significant amounts of carbonate recrystallization. In the lower portion of the section, chloride concentrations increased together with the concentrations of various other constituents. These increases suggest the presence of an underlying evaporite unit. Such increases also were visible in the lower portions of Sites 817 and 818.
3. The Queensland continental margin sites are characterized by increasing rates of carbonate mineral diagenesis toward the Great Barrier Reef. In spite of total sulfate reduction and high rates of methanogenesis at these sites, little evidence could be ascertained of these processes in the δ 13 C of the pore waters or in the isotopic composition of the diagenetic minerals. The isotopic signatures of sulfate reduction and methanogenesis were more evident in the distal sites. Although significant depletion in the Ca 2+ , Mg 2+ , K + , and δ 18 θ content of the pore fluids was seen, only a decrease in K + and an increase in Na + can be ascribed to interaction with clay minerals or formation of clay minerals from volcanic glasses. 
